S everal different techniques and energy sources have been developed for catheter ablation of tachyarrhythmias, including atrial fibrillation and ventricular tachycardia. [1] [2] [3] Radiofrequency (RF) current is the most commonly used energy source for ablation. Although RF ablation has been proven to be effective, there are several limitations, including relatively long procedure times and high recurrence rate, especially for ablation of atrial fibrillation and ventricular tachycardia. 2,3 During RF ablation, excessive tissue heating may lead to serious complications, such as steam pop, cardiac perforation, pulmonary vein stenosis, coronary arterial injury, and thrombo-embolism. 1-4 Conversely, tissue cooling by arterial flow (providing greater heat sink) may limit RF lesion formation and lead to gaps in the ablation line, such as linear ablation across the mitral isthmus. 5,6
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Direct current (DC) catheter ablation technique was initiated in early 1980s, but was abandoned shortly after RF ablation became available in 1990s. 7 DC ablation was associated with serious complications, supposedly related to barotrauma and proarrhymia. 8, 9 Barotrauma is caused by a high-pressure shock wave resulting from an electrically isolating vapor globe, leading to arcing (spark) and explosion. 8 At the end of the DC ablation era, Ahsan et al developed low-energy DC ablation without arcing. 10 Several studies demonstrated that a lower energy level without a high-pressure shock wave is sufficient to create effective myocardial lesions. 10, 11 The mechanism of lesion formation using lowenergy DC ablation is thought to be the formation of pores in cell membranes produced by an application of short highvoltage electric field and free ion exchange through these pores, resulting in apoptosis of the cell. This is called irreversible electroporation. 12, 13 Lesion size produced by electroporation ablation may depend on the applied electric field, the presence of cell membranes, and the electric resistivity of the target tissue. 12, 13 This article by Neven et al 14 addresses a specific problem in RF ablation, how to safely deliver energy close to a coronary artery. RF ablation within 2 mm of a coronary artery is associated with a significant risk of arterial stenosis or occlusion. 15, 16 RF-induced tissue heating produces coagulation necrosis of the media of the coronary artery and shrinkage of the collagen fibers, resulting in stenosis. 15, 17 Epicardial cryoablation has a relatively low risk of arterial injury, 15 but lesion size may be limited, especially below areas of fat.
Electroporation, as described by Wittkampf and colleagues, 14 is an adaptation of DC ablation, using eight 2 mm electrodes to greatly increase electrode surface area. [18] [19] [20] The large surface area decreases the current density, which prevents the formation of a vapor globe, eliminating arcing and significant heating. Electroporation ablation can produce relatively large myocardial lesions, presumably because the electric field increases cell membrane permeability, disrupting cellular homeostasis and initiating apoptosis of the cell, not resulting from tissue heating. 19, 20 The authors suspected that coronary arteries may be spared from injury during epicardial ablation by electroporation. In their study using a swine model, a custom deflectable 12 mm circular octopolar catheter was introduced into the pericardium. Epicardial ablation (electroporation) was targeted directly over the left anterior descending and circumflex coronary arteries with single cathodal DC applications of 200 joules. Coronary angiography directly after ablation demonstrated short-lasting (<30 minutes) luminal narrowing in the targeted area with subsequent normalization, suggesting coronary spasm. After 3 months, coronary angiography did not show any arterial narrowing at the ablation site. Histology showed some intimal hyperplasia in 66 of 154 arteries inside the area of the ablation lesion and in 1 of 13 arteries outside the lesion, with a mean value of median luminal stenosis of the affected arteries of only 8%±5% (range 1%-61%). The myocardial ablation lesions were significant, with a median depth of 6.4±2.6 mm (range 0-10.4 mm). Four of the 13 left ventricular lesions were transmural. Because the mechanism of lesion formation in electroporation is unrelated to temperature, there was no sparing of myocardial injury surrounding arteries. Sparing of myocardium around an artery is not uncommon in RF or cryoablation lesions, 5,6,17 because the arterial blood flow either cools or warms the surrounding myocardium, respectively.
Electroporation is a unique energy source for ablation. Ablation lesion formation does not result from tissue heating (such as RF, ultrasound, and laser ablation) or cooling (cryothermia). The relatively low risk of arterial injury suggests that myocardium is more sensitive to electroporation injury
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October 2014 than coronary arteries. 19, 20 A preliminary study performed by these authors suggests that the phrenic nerve also has a low susceptibility to injury by electroporation. These observations suggest that electroporation may prove to be a preferred approach for epicardial ablation. The potential applications for epicardial electroporation include ablation of epicardial ventricular tachycardia, atrial fibrillation (completion of the linear mitral isthmus lesion through the coronary sinus), 6 and epicardial accessory atrio-ventricular pathways (ablation within the coronary sinus, middle cardiac vein, or posterior coronary vein), 15, 16 decreasing the risk of coronary arterial injury. At least 3 questions remain for further investigation. First, coronary angiography immediately after electroporation ablation directly over the coronary arteries demonstrated shortlasting (<30 minutes) narrowing, suggesting arterial spam. Prevention of transient narrowing of the coronary arteries with nitroglycerin administration should be examined. Second, it is not known whether electroporation can create significant myocardial lesions through thicker areas of epicardial fat. Compared with human, the swine model used in their studies has relatively little fat surrounding the coronary arteries. Third question, as with other forms of ablation, is, how to obtain a more consistent lesion depth and diameter (controlling ablation lesion size). 21 The wide range of lesion size (depth 0-10.4 mm) combined with relatively irregular outer margins of the lesion 19 is potentially proarrhythmic.
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